Preliminary Amendment 

Appln. No. : National Stage of PCT/GB2004/002879 
Attomey Docket No. Q92367 

AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

LISTING OF CLAIMS: 
1.-73. cancel 

74. (new): A rectifying diode comprising a first electrode, a second electrode with a 
minimum separation of d between the first and second electrodes, and an organic 
semiconductor material in between the first and second electrodes with a ratio of S A over 
PA smaller than 10 where SA is the area of all points on the surface of the first electrode 
that lies within a distance of 3 x d from any point on the second electrode and PA is the 
product of d and the length of the perimeter of S A 

75. (new): A rectifying diode as claimed in claim 74, wherein at least one of said first and 
second electrodes is deposited from a liquid. 

76. (new): A method of forming a diode including semiconductor material between first 
and second electrodes, the method including the steps of: (a) forming the first electrode 
on a substrate; (b) depositing a layer of the semiconductor material over the substrate and 
the first electrode; and (c) then forming the second electrode over the layer of the 
semiconductor material; wherein the first electrode is formed so as to induce during step 
(b) one or more topographic features at selected surface locations of the layer of 
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semiconductor material that are used in step (c) to control the degree of overlap of the 
second electrode with the first electrode. 

77. (new): A method as claimed in claim 76, comprising the additional step of treating 
the surface of the semiconductor prior to step (c) by a method which has a different effect 
on the raised and lowered portion of said topographic features. 

78. (new): A method of forming a rectifying diode including semiconductor material 
between first and second electrodes, wherein the formation of the first and second 
electrodes comprises forming a layer of electrode material on a substrate; embossing the 
substrate to force a selected portion of the layer of electrode material down into the 
substrate in a direction substantially perpendicular to the layer of electrode material such 
that the selected portion and the remainder of the layer of electrode material are shom 
apart. 

79. (new): A method of forming a diode including semiconductor material between first 
and second electrodes, the method including the steps of: forming the first electrode on a 
substrate; forming a layer of semiconductor material over the first electrode; forming 
over the layer of semiconductor material a structure of insulator material including one or 
more viaholes; and filling the one or more viaholes with electrode material to thus form 
the second electrode. 
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80. (new): A method as claimed in claim 79, wherein the diameter of the viaholes is less 
than the thickness of the semiconductor layer. 

81 . (new): A method according to claim 79, wherein the structure including via holes is 
formed by: depositing a layer of insulator material over the layer of semiconductor 
material; and forming the one or more via holes in said layer by embossing. 

82. (new): A method according to claim 79, wherein the structure including via holes is 
formed by depositing a layer of insulator on the layer of semiconductor material and 
inducing the formation of pinholes in said layer. 

83. (new): A method for fabricating a rectifying diode on a substrate, comprising: 
forming a first electrode of a first conductive material in a first region of the substrate, 
depositing a liquid comprising a second conductive material to come in contact with the 
first electrode and to form a second electrode of the second conductive material in a 
second region of the substrate spaced from the first region, 

preparing the surface of the first electrode prior to the deposition of the liquid comprising 
the second material to repel the liquid, 

wherein the shortest distance between the first electrode and the second electrode defines 
the thickness of the active semiconducting layer of the rectifying diode. 
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84. (new): A method as claimed in claim 83, wherein the method comprises the 
additional step of depositing at least one semiconducting layer in the region between the 
first and second electrodes. 

85. (new): A method as claimed in claim 83, wherein the first electrode is also deposited 
from a liquid. 

86. (new): A method as claimed in claim 83, wherein the composition of the first body 
has a tendency to segregate to form a surface region over the first material, the surface 
region having a different composition fi-om the first material. 

87. (new): A method as claimed in claim 86, wherein said surface region is 
semiconducting, and forms at least part of the active semiconductor layer of the rectifying 
diode. 

88. (new): A method as claimed in claim 83, wherein the first and second materials are 
essentially the same. 

89. (new): A method as claimed in claim 83, wherein the first composition is a solution of 
at least two components having a tendency to segregate. 
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90. (new): A method as claimed in claim 89, wherein one of the components is a polymer 
with a tendency to segregate to the surface of the first composition. 

91. (new): A method as claimed in claim 89, wherein one of the components is a diblock 
copolymer comprising a relatively polar and a relatively non-polar block. 

92. (new): A method as claimed in claim 89, wherein one of the components is a 
surfactant. 

93. (new): A method as claimed in claim 83, comprising treating the first body prior to 
deposition of the liquid of the second composition so as to modify at least one physical or 
chemical property of the surface of the first electrode, thereby forming a surface region 
over the first material. 

94. (new): A method as claimed in claim 93, wherein the step of modifying the surface of 
the first electrode comprises exposing the substrate to a plasma. 

95. (new): A method as claimed in claim 94, wherein said plasma contains fluorinated 
species. 
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96. (new): A method as claimed in claim 83, wherein the surface of the first and second 
electrodes exhibit different workfimctions. 

97. (new): A method as claimed in claim 96, wherein the difference in work function 
between the first and second electrodes is generated by the step of preparing the surface 
of the first electrode prior to the deposition of the liquid comprising the second material. 

98. (new): A method as claimed in claim 96, wherein the surface of the first and/or 
second electrodes are treated after being deposited to modify the workfunction of at least 
one of the first and second electrodes. 

99. (new): A method as claimed in claim 98, where in the conductive material of the first 
electrode has a different workfunction than the conductive material of the second 
electrode. 

100. (new): A method as claimed in claim 74, wherein the current flow in said rectifying 
diode is in the plane of the substrate. 

101. (new): A method as claimed in claim 74, wherein said shortest distance between the 
first and second electrodes is less than 500 nm. 
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102. (new): A method as claimed in claim 74, wherein said shortest distance between the 
first and second electrodes is less than 100 nm. 

103. (new): A method as claimed in claim 74, wherein said shortest distance between the 
first and second electrodes is less than 10 nm. 

104. (new): A method as claimed in claim 74, wherein the material of at least one of the 
first or second electrodes is a conducting polymer. 

105. (new): A method as claimed in claim 83, wherein the material of at least one of the 
first or second electrodes is a printable metal. 

106. (new): A method of forming a recifying diode comprising the steps of (a) forming 
on a substrate a first electrode (b) depositing at least one semiconducting layer over said 
first electrode (c) depositing a first dielectric material to form a first dielectric body in a 
first region of the substrate (d) depositing a liquid comprising a second dielectric material 
to come in contact with the first dielectric body and to form a second dielectric body in a 
second region of the substrate spaced fi-om the first region, 

(e) preparing the surface of the first dielectric body prior to the deposition of the liquid 
comprising the second dielectric material to repel the liquid, and (f) depositing a second 
electrode on top of the first and second dielectric body, wherein the current flow in the 
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rectifying diode between the first and second electrodes is confined to the region in 
between the first and second dielectric body. 

107. (new): A use for rectifying a radiofrequency alternating voltage signal of one or 
more diodes including organic semiconductor material between first and second 
electrodes, wherein the distance, d, between the first and second electrodes across the 
semiconductor material is made sufficiently small that it lies in a range within which the 
forward current density between the first and second electrodes across the semiconductor 
material is inversely proportional to d", where n is greater than 1 . 

108. (new): A use for rectifying a radiofrequency altemating voltage signal of one or 
more diodes including organic semiconductor material between first and second 
electrodes wherein the distance between the first and second electrodes across the 
semiconductor material is less than 50nm, preferably less than 20nm, and further 
preferably less than lOnm. 

109. (new): A diode according to claim 74, wherein the organic semiconductor material 
is a polymer material. 
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110. (new): A rectifying diode including organic semiconductor material between first 
and second electrodes, wherein the reciprocal of the product of the forward resistance and 
the capacitance for the diode is less than 10 microseconds. 

111. (new): A rectifying diode including organic semiconductor material between first 
and second electrodes, wherein the reciprocal of the product of the forward resistance and 
the capacitance for the diode is less than 100 nanoseconds. 

1 12. (new): A rectifying circuit including one or more diodes according to claim 74. 

113. (new): A diode produced by a method according to claim 83. 

1 14. (new): A rectifying circuit including one or more diodes according to claim 1 13. 

115. (new): A rectifying circuit as claimed in claim 114, where the rectifying circuit is a 
Villard cascade. 

116. (new): A diode including first and second solution-processed electrodes on a surface 
of a substrate and semiconductor material also on said surface of the substrate between 
the first and second electrodes. 
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117. (new): A diode according to claim 116, wherein the semiconductor material also 
extends over the top of the first and second electrodes. 

118. (new): A diode according to claim 116, wherein the thickness of each of the first and 
second electrodes at respective opposing edge portions thereof decreases towards each 
other. 

119. (new): A use for rectifying a radiofrequency altemating voltage signal of one or 
more diodes including organic semiconductor material between first and second 
electrodes, wherein the distance, d, between the first and second electrodes across the 
semiconductor material is made sufficiently small that it lies in a range within which the 
forward current density between the first and second electrodes across the semiconductor 
material is inversely proportional to d", where n is greater than 1 . 

120. (new): A use for rectifying a radiofrequency altemating voltage signal of one or 
more diodes including organic semiconductor material between first and second 
electrodes wherein the distance between the first and second electrodes across the 
semiconductor material is less than 50nm, preferably less than 20nm, and further 
preferably less than lOnm. 



11 



Preliminary Amendment 

Appln. No.: National Stage of PCT/GB2004/002879 
Attorney Docket No. Q92367 



121. (new): A diode or use according to claim 119, wherein the organic semiconductor 
material is a polymer material. 

122. (new): A method of forming a diode including semiconductor material between first 
and second electrodes, the method including the steps of: (a) forming the first and second 
electrodes by a method including depositing liquid including electrode material or a 
precursor thereto at respective separate locations on a substrate surface and then (b) 
depositing the semiconductor material on the substrate surface between the electrodes, 
wherein one or more of the substrate surface, the deposition conditions and the 
subsequent drying conditions are controlled so as to form first and second electrodes each 
having a thickness profile at respective opposing edge portions thereof that decreases 
outwardly towards each other. 

123. (new): A method of forming a diode including semiconductor material between first 
and second electrodes, the method including the steps of: (a) forming the first electrode 
on a substrate; (b) depositing a layer of the semiconductor material over the substrate and 
the first electrode; and (c) then forming the second electrode over the layer of the 
semiconductor material; wherein the first electrode is formed so as to induce during step 
(b) one or more features at selected surface locations of the layer of semiconductor 
material that are used in step (c) to control the degree of overlap of the second electrode 
with the first electrode. 
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124. (new): A method according to claim 123, wherein the first electrode is formed by 
depositing a liquid including electrode material or a precursor thereto on the substrate and 
then drying; wherein one or more of the nature of the substrate surface on which the 
liquid is deposited, the composition of the liquid and the drying conditions are selected 
such that the thickness of the dried deposit has a maximum at an edge portion thereof. 

125. (new): A method according to claim 123, wherein the one or more features at 
selected surface locations of the layer of semiconductor material are topographical 
features, and including the step of using the one or more topographical features in a 
stamping step to determine a surface energy pattem for controlling the positioning of the 
second electrode. 

126. (new): A method according to claim 125, wherein the first electrode is formed as at 
least two portions spaced by a distance corresponding to the width of the second 
electrode. 

127. (new): A method according to claim 123, including the step of forming on the 
substrate a layer structure at least including a first electrode layer, topologically 
patterning the layer structure; conformally depositing semiconductor material over the 
pattemed layer structure such that it forms a layer having a topological pattem 
subst2mtially corresponding to that of the first electrode layer; and then depositing second 
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electrode material or a precursor thereto over the semiconductor material, wherein the 
topological pattern of the semiconductor layer is used to control the deposition of the 
second electrode material. 

128. (new): A method according to claim 127, wherein the topologiced pattem of the 
semiconductor layer is used to directly control the deposition of the second electrode 
material. 

129. (new): A method according to claim 127, wherein the topological pattem of the 
semiconductor layer is used to control an intermediate surface-energy patteming step for 
controlling the deposition of the second electrode material. 

130. A method according to claim 128, wherein the step of structurally patteming the 
layer structure is done by embossing sharp grooves into the layer structure and the 
underlying substrate. 

131 . A method according to claim 128, wherein the layer structure includes a layer of 
insulator material over the first electrode layer, and wherein the topological patteming 
step includes exposing selected portions of the first electrode layer for contact with the 
subsequently deposited semiconductor material. 
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132. A method of forming a diode including semiconductor material between first and 
second electrodes, wherein the formation of the first and second electrodes comprises 
forming (i) a layer of electrode material on a substrate; (ii) forcing a selected portion of 
the layer of electrode material down into the substrate in a direction substantially 
perpendicular to the layer of electrode material such that the selected portion and the 
remainder of the layer of electrode material are shorn apart. 

133. A method according to claim 132, wherein the substrate is at least partly formed 
of semiconductor material such that said selected portion and said remainder are 
electrically connected by semiconductor material directly after step (ii). 

134. A method according to claim 132, further including a step (iii) of depositing 
semiconductor material over the layer of electrode material so as to form a semiconductor 
connection between said selected portion and said remainder. 

135. A method of forming a diode including semiconductor material between first and 
second electrodes, the method including the steps of: forming the first electrode on a 
substrate; forming a layer of semiconductor material over the first electrode; forming 
over the layer of semiconductor material a structure of semiconductor or insulator 
material including one or more via-holes; and filling the one or more via holes with 
electrode material to thus form the second electrode. 
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136. A method according to claim 135, wherein the formation of the structure 
including one or more via holes includes: depositing a layer of semiconductor or insulator 
material over the layer of semiconductor material; and then forming the one or more via 
holes in said layer by embossing. 

137. A method according to claim 136, wherein the layer of semiconductor material 
formed over the first electrode and the structure including one or more via holes are made 
of the same semiconductor material and are deposited in a single step. 

138. A method according to claim 135, wherein the formation of the structure 
including one or more viaholes includes depositing droplets including insulator or 
semiconductor material at spaced-apart locations on the layer of semiconductor material, 

139. A method according to claim 138, including the step of patterning the surface of 
the layer of semiconductor material to control the deposition of the droplets. 

140. A method according to claim 138, including the step of controlling the drying of 
the droplets so as to favour the formation of respective dried deposits having a relatively 
sharp thickness profiles at opposing edges thereof. 



16 



Preliminary Amendment 

Appln, No.: National Stage of PCT/GB2004/002879 
Attorney Docket No. Q92367 



141. A method according to claim 135, wherein the structure including via holes is 
formed by depositing a layer of insulator or semiconductor material on the layer of 
semiconductor material and inducing the formation of pinholes in said layer. 

142. A method according to claim 141 , wherein the step of inducing the formation of 
pinholes includes inducing stress in said layer. 

143. A method according to claim 141, wherein the step of inducing formation of 
pinholes includes contacting said layer with an array of pointed structures at a 
temperature at which the pointed structures cause said layer to breakup locally 
thereunder. 

144. A method according to claim 143, wherein said layer is a layer of a polymer 
material and is contacted with the array of pointed structures at or above the glass 
transition temperature of the polymer layer. 

145. A diode produced by a method according to claim 122. 

146. A rectifying circuit including one or more diodes according to claim 145. 
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